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Precise knowledge concerning the ecology of microorganisms in host  tissues 
is at present not available. The complexity of the environments of host  tissues 
and the limitations of the  techniques  which have been used for the study of 
bacteria  experiencing  them  have  hindered  investigation.  It  has  long  been 
known, for example, that certain cationic polypepfides, such as histones, can 
be extracted from a  variety of animal tissues (for a  review of this subject see 
reference  1).  These  polypeptides  have  been  shown  to  possess  marked  anti- 
bacterial  activity in  vitro.  Because  of  this  it  has  been  suspected  that  they 
participate in  the non-specific resistance of the host  to infections. 
As matters stand, however, the role of cationic polypeptides in non-specific resist- 
ance to infection has yet to be defined. In fact the possibility has been recognized that 
these  antibacterial  fractions  might  simply  represent  preparative  artifacts  or  that 
owing to spatial or temporal arrangements they might never be a part of the in vivo 
environment of bacteria. Moreover, it has been demonstrated repeatedly that other 
substances extractable from host tissue  are competent to enzymatically destroy or 
otherwise  antagonize the antimicrobial activity of cationic polypeptides. 
Convincing  evidence  that bacteria interact at all with host cationic polypeptides 
in vivo has been lacking. This has made difficult any approach to the question  as to the 
role  of these  polypeptides in resistance  to infection.  In an effort to resolve  some of 
these difficulties the morphological  differentiation of bacteria affected by host cationic 
polypeptides has been attempted (2). The results obtained were equivocal  owing to 
the lack of specificity of the methods employed, and the relation between the morpho- 
logical changes and the toxic effects of the proteins was not reported. The validity of 
the approach was evident nevertheless. 
Recently  (3,  4)  it was found  that sorption of cationic polypepfides imparted to 
bacterial  cells  some  of  the  characteristics  of  cationic  particles  although  bacteria 
usually behave as anions.  This change appeared to be due to polypeptide on or in the 
cell surface.  It was possible,  for example, to stain with anionic dyes at high pH, cells 
which had sorbed the polypepfides. Cells which had not sorbed the polypeptides did 
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not stain under these conditions. It appeared that anionic dyes used at high pH might 
be useful for the differentiation of bacteria which had interacted  with host cationic 
polypepfides from those which had  not  (5,  6).  The  conditions under  which cationic 
polypeptides alter  the cytochemical character  of bacteria  (3,  4),  and  the conditions 
under which cationic polypeptides have been found lethal for bacteria (9) were similar. 
However, before proceeding to the study of cationic polypeptides in infected tissues 
it appeared desirable to obtain more precise information concerning the relationships 
between the cytochemical and  toxic changes which  they cause in bacteria. 
It is the purpose  of this paper  to present  evidence which concerns  the rela- 
tionships  between  cytochemical and  toxic manifestations  of the in vitro sorp- 
tion  to  certain  bacteria  of  cationic  polypepfides. 
Materials and Methods 
Cultures of Ba,  illu3 anthracis and Escherichia coil grown in antibiotic assay broth were 
used as described in the previous paper (4). 
Buffer solutions used were 0.05 molar phosphate-citrate solutions adjusted electrometticaily 
to the desired pH. These buffer solutions were selected because they had been reported to give 
satisfactory results in experiments on the antibacterial action of histones  (9).  Calf thymus 
histones were obtained from the Worthington Company, Freehold, New Jersey. Hog gastric 
mucin was obtained  from Wilson  Company,  Chicago. Histone  solutions were prepared  in 
deionized distilled water and sterilized by filtration through a Millipore filter (Millipore Filter 
Corporation,  Bedford,  Massachusetts).  It  was  found  that  repeated  freezing and  thawing 
seemed to reduce the antibacterial potency of the histones. They were prepared fresh, there- 
fore, for each experiment.  Hog gastric mucin was prepared as a  5 per cent aqueous stock 
solution, sterilized by autoclaving, and stored at 4°C. It was diluted to the desired concen- 
trations in sterile distilled water prior to use. 
Fast green F.C.F. and azure A were obtained from the National Aniline Corporation, New 
York. Fast green F.C.F. will simply be referred to as fast green in this paper.  Fast green 0.1 
per cent was prepared in distilled water as needed.  Just prior to use the pH of a  suitable 
volume of fast green 0.1 per cent was adjusted electrometrically to pH 8.1 using N/20 NaOH. 
Azure A 0.25 per cent was prepared as an aqueous solution as needed. 
Viable counts of bacteria were done by means of serial dilution in standard milk dilution 
bottles containing distilled water  (0.1 per cent albumin  was  found  best for B. anthracis). 
Measured  samples of suitable dilutions were inoculated into melted nutrient  agar at 45°C 
and pour plates prepared from these in sterile 9 cm Petri dishes.  The milk dilution bottles 
permitted rapid violent shMdng.  This seemed desirable because of the tendency of bacteria 
to be agglutinated in histone solutions.  The pour plates were incubated at 37°C for 24 hours 
and then the visible colonies were counted on a Quebec colony counter. 
Cytochemieal differentiation of bacterial cells was carried out by staining air-dried smears 
of bacterial suspensions  in fast green at pH 8.1 for 1 hour. Bacteria not stained by fast green 
were identified by counterstalning for 30 seconds  with aqueous azure A 0.25 per cent after a 
very brief wash in distilled water. A wash in distilled water was used following the azure A. 
The duration of this wash is not critical but should be sufficient  to remove excess azure A. 
Smears were prepared on new, carefully cleansed glass slides. Smears from a given experiment 
were stained simultaneously so as to provide like staining conditions for all sfides. 
The smears were examined under oil with a  100 )< achromatic objective (N. A. 1.32) and 
matched  10 X  oculars in a  Leitz ortholux microscope equipped with a  Berek condenser of 
N. A.  1.40. It was found that adjustment  for critical illumination as recommended by the JOHN  K.  SPITZNAGEL  1081 
Leitz Company was essential in order to obtain uniform interpretation  of the bacterial colors. 
The fight source could be used with or without a daylight filter but it was necessary to use one 
or the other illumination consistently in order to insure uniform interpretation,  i00 or more 
bacteria were counted in randomly selected fields in each smear and the proportion of bacteria 
stained green was recorded. Unless bacteria were distinctly green they were recorded as not 
green. 
RESULTS 
The Relationships  Between Fast Green Staining and Loss of Viability in Sus- 
pensions  of B.  anthracis  Exposed  to  Total  ttistone.--It  was  reported  (3-5) 
that B.  anthracis  cells sorb some component or components of total histone. 
This interaction  was detectable by several cytochemical procedures including 
staining with 0.1 per cent aqueous fast green at pH 8.1. The sorbed material 
appeared  to be most concentrated  in or near  the cell wall of the bacillus.  It 
was  found  that  the  interaction  as  evaluated  by staining  with  fast  green  at 
pH  8.1  had  characteristics  similar  to  those  connected  with  the  bactericidal 
action  of histones  (7-9).  The  interaction  was  found  to be  governed  on  the 
one hand by the concentration  of histone  and  on the  other by the bacillary 
mass present in the system. It was of particular interest that variation in these 
conditions  led  primarily  to a  change in  the  proportion  of bacteria  stainable 
with fast green rather  than  to a  change in intensity of staining  of the entire 
population.  It  seemed  likely  that  the  proportion  of bacteria  stainable  with 
fast green might be related to the proportion suffering toxic effects due to the 
sorbed  basic  polypeptide. 
To test  this hypothesis a 34 hour culture  of B. a~hra¢is was  washed 3 times in buffer 
solution and resuspended to give 5 X  106 viable units per ml of pH 5.6 buffer. This suspension 
was distributed  to three sterile 25 X  150 mm pyrex tubes with steel caps 10 mi/tube. To one 
tube, 0.1 ml of sterile distilled water was added. Totai histone solution, 0.1 mi, was added to 
one tube to give a concentration of 12.5 #g histone per ml. To one tube 0.1 ml of total histone 
solution was added to give 50 #g/ml. Immediately and at 5, 15, 30, 45, and 60 minutes samples 
were taken for viable bacterial  counts  and air-dried  smears were prepared  for differential 
staining with fast green-azure A. 
The  results  are  shown  in  Fig.  1.  For  reasons  of convenience in  graphical 
representation all figures have been expressed as absolute numbers of bacteria. 
The differential staining characteristics of the bacteria have been expressed as 
the number not staining green because the number of bacteria which remained 
viable proved to be directly related to this number. The results show that the 
bactericidal action of the histone was very rapid in 50 #g/ml of total histone, a 
decrease  in viable  count of about 50-fold having occurred within  5  minutes. 
The rate of change in staining properties  of the bacilli was somewhat slower 
than this. 30 minutes were required  to achieve a  change in staining involving 
comparable  numbers.  The  rates  at  which  both  phenomena  proceeded  were 
slower in  12.5  #g/ml of total histone.  The rates  of change were more nearly 1082  ANTIBACTERIAL  EFFECTS  Or  CATIONIC  POLYPEPTIDES 
Mike at 12.5 #g/ml of histone. The discrepancy between the appearance of fast 
green staining and loss of viability which was observed would lead  to under- 
estimation  of the number  of bacteria killed.  This  same observation  has  been 
characteristic  of all  such  experiments.  This  was not unexpected  for it  would 
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Fio. 1.  Changes induced in the viabifity and fast green staining  (at pH 8.1) of Bacillus 
anthracis treated  with  two concentrations  of total calf  thymus histone  in 0.05 M citrate- 
phosphate buffer at pH 8.1 and 37°C. 
be very unlikely that a  staining procedure would be as sensitive an indicator 
as a biological response. No green staining was noted among the bacteria from 
the  control tubes.  The phosphate-citrate  buffer was  slightly  toxic  to the  an- 
thrax  bacilli.  This  was reflected  in a  slight  decrease  in  the  number of viable 
units  in  the  control  tubes  during  the  60 minute  interval.  This  decrease  was 
entirely too small to account for the loss of viable units observed in the tubes 
which contained total histone. JOHN  K.  SPITZNAGEL  1083 
Similar experiments  were done using E. coli as a  test  organism.  The results 
obtained  were  entirely comparable  to  the  results  obtained  with B. anthracis. 
(See Fig. 2). 
Inhibition of Respiratory Activity Compared with Fast Green Staining in Bac- 
terial Suspensions Treated with Total Calf Thymus Histone.--It has been shown 
by  others  that  cationic  proteins  and  polypeptides  inhibit  the  respiratory 
activity of certain  bacteria  (10-15).  It  was  of interest,  therefore,  to  compare 
the  cytochemical  effects  of  basic  protein  sorption  in  bacterial  suspensions 
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FiG. 2.  Changes induced in the respiratory activity, viability, and staining with fast green 
at pH 8.1 of Esckeri~kia coli, type 0117:H27, treated with total calf thymus histone in 0.05 
*J citrate-phosphate buffer at pH 5.6. 
with  effects on  the  respiratory  activity of the  cells as  well as  effects on  their 
reproductive capabilities. 
A culture of E. coli was grown for 20 hours in antibiotic assay broth.  The bacteria were 
washed 3 times in 0.05 *J phosphate-citrate buffer at pH 5.6. They were then resuspended in 
similar buffer without carbon or nitrogen source and stored 18 hours at 4°C. 
A series of six Warburg flasks equipped with two side arms each was prepared. To the main 
compartment of each flask was added  1 ml of the E. coli suspension containing 0.58 mg dry 
weight of bacteria. Sufficient 0.05 ~ buffer at pH 5.6 was added to each flask to bring the total 
fluid in the flasks  to 3 ml. One flask served as a  control of endogenous respiration and con- 
tained no substrate and no histone. 0.5 ml of 0.5 molar glucose was added to the first side arm 
of one flask and no histone solution was added. 0.5 ml of 0.5 ~  glucose in buffer was added to 
one side arm of each of the four remaining flasks  and 0.5  ml buffer containing  1500 #g of 
total histone was added to the second  side arm of each flask.  Potassium hydroxide solution 1084  ANTIBACTERIAL  EFFECTS  OF  CATIONIC  POLYPEPTIDES 
(0.2 ml of a 20 per cent solution) was placed with a filter paper wick in each center well and 
the flasks were placed on the manometers and equilibration with shaking was allowed to take 
place in the water bath at 37°C. After equilibration, the side arms containing the glucose 
were emptied into the main chambers of the flasks. The side arms containing histones and 
plain buffer solution were also emptied. Oxygen consumption was recorded every 10 minutes. 
The contents of the histone-containing flasks were sampled one at a time at 10, 40, 80, and 
120 minutes to obtain estimates of differential staining with fast green and viable counts. 
Thus the fourth histone-containing manometer was opened at  120 minutes after the addition 
of histone. 
Fig.  2 shows that oxygen was consumed by the histone-containing suspen- 
sions  at  a  rate  which  rapidly  decreased  and  finally  ceased  at  110  minutes. 
Oxygen consumption  in  the  suspension  which  did  not receive histone  was  a 
linear function of time. There was a  very rapid appearance of predominately 
green-staining bacteria in the smears from the histone-treated suspensions and 
60  per  cent  were  fast green-positive by  10  minutes.  There  was  an  equally 
rapid  increase in dead bacteria; however,  the rate of the change in viability 
was greater at first than the rate of change in the proportion of cells stainable 
by fast green. 
It was evident that respiratory activity continued,  albeit at a reduced rate, 
for a  period of time following the addition of histone.  This was of interest in 
view of the rapid loss of viability of the suspensions.  Apparently the respira- 
tory enzymes of the cells were less rapidly inactivated than were the reproduc- 
tive  mechanisms.  One  might  imagine  that  transport  mechanisms  might  be 
located rather near the cell surface where they would be rapidly inactivated by 
the  basic  polypeptides  and  that  the  reproductive  apparatus  would  be  less 
superficially located  and,  therefore,  affected less  rapidly.  The  situation  was 
otherwise. It might be imagined that detergent action due to the polypeptides 
allowed leakage of enzymes from the cell. The latter supposition might provide 
a reasonable explanation if the enzymes continued to function in the medium 
in  the  manner  of a  cell-free preparation.  We  have no  data  to  support  any 
particular explanation at this time. 
The Antagonistic  Action  of Organic Anions.---Organic  anions,  particularly 
those of higher molecular weights such as mucin and DNA have been shown 
to  antagonize  the  antibacterial  effects of cationic proteins  and  polypeptides 
(7-9, 13,  15,  16,  18-20).  It  has  been  shown  that  the  degree  of  antagonism 
exerted by such substances is releated to the avidity with which they combine 
with basic proteins (17). We have shown (4) that several organic anions inter- 
fere with  the  sorption  of histones  to bacteria as evaluated by staining  with 
fast green.  The following experiment was done  to determine whether  the  re- 
duction of fast green staining among bacteria treated with total histone in the 
presence of an organic anionic substance, mucin, is correlated with a reduction 
in  the  antibacterial  action  of  the  histones. JOHN K.  SPI~ZNACEL  1085 
A culture of E. coli  was grown for 18 hours in antibiotic assay broth and washed 3 times in 
pH 5.6 0.05 •  phosphate-citrate  buffer. The cells were resuspended in this buffer to give a 
concentration  of about  1.5  X  10  s cells/ml.  This suspension was then distributed  in 10 ml 
samples  to  25 x 150 mm steel-capped pyrex tubes.  Two tubes served as controls and each 
received 0.2 ml of sterile, distilled water.  Sterile mucin solution was added  to two tubes in 
small volume to give 1000 #g/ml. Total histone to give 50 #g/ml and mucin to give 100 #g/ml 
were added to two tubes. Total histone to give 50 #g/ml and mucin to give 1000 #g/ml were 
added to two tubes. Histone to give 50 #g/ml was added to two tubes. All tubes received the 
mucin  solution first and were shaken  vigorously prior  to addition  of the histone  solution. 
Immediately and at 30 and 60 minutes viable counts and air-dried smears were prepared from 
each tube. The smears were stained in fast green and azure A as described above. 
Fig.  3  shows  that  bacterial  killing  and  staining  proceeded  rapidly  in  the 
tubes  which contained histone but no mucin. The tubes  containing the lower 
mucin  concentration  plus  histone  showed  some  reduction  in  bacterial  death 
but little difference in fast green staining.  In the tubes containing the highest 
mucin  concentration  plus  histone,  both  bacterial  killing  and  conversion  to 
fast  green  staining  failed  to  occur.  Mucin  alone  had  no  effect  on  bacterial 
staining or viability. 
These results  confirm earlier  reports  that organic anions interfere  with  the 
interaction  of bacteria with basic proteins.  The failure of the cells  to become 
stainable  with fast  green indicates  that  sorption  of the  basic proteins  to the 
cells  was  inhibited.  The  relative  insensitivity  of the  staining  reactions  com- 
pared with bacterial killing as indices of the interaction of bacteria with basic 
proteins is again evident. However, the kinetics of the two effects, as noted in 
these experiments,  were similar and the percentage of bacteria staining in the 
toxic concentration of histones was sufficiently large to give the method some 
utility as an indicator of lethal interaction between  cell and polypeptide. 
The Effects  of Basic Protein Other than Histones on the Cytochemical Reactions 
and  Viability of E. coli.--Total histories  were used  as a  convenient model in 
the  experiments  reported  above.  It  has  been  shown,  however,  that  other 
cationic polypeptides also are toxic for various bacteria. Those which are most 
effective have appeared  to be closely related  to, if not derived from,  the his- 
tones (9, 20). Furthermore, the very real possibility that bacteria interact with 
basic  polypeptides  other  than  those  present  in  histones  from  calf  thymus 
could not be overlooked.  Particularly pertinent  was  the  idea  that  a  class of 
cationic polypeptides  might  exist  which,  although  they  are  not  intrinsically 
toxic to bacteria,  nevertheless  might be sorbed  to  them  thus  reversing  their 
behavior in the presence of anionic dyes even at high pH.  It was of interest, 
then,  to compare the cytochemical and cytotoxic effects of another basic pro- 
tein with those of total calf thymus histone. The cytochemical effects of various 
substances  including several basic proteins  were  tested  against  two bacterial 
species and reported  (4). Only protamine induced cytochemical changes com- 
parable  to those induced by the histones.  Protamine has long been known to 1086  ANTIBACTERIAL  EFFECTS  OF  CATIONIC  POLYPEPTIDES 
possess  antibacterial properties  (7,  8).  For  the present experiments globin, 
which is plentiful in the form of hemoglobin  or myoglobin in higher animals, 
was used. 
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FIG.  3.  The  inhibitory action of hog gastric mucin for  the lethal sorption of  total calf 
thymus histone to ceils of Escherichia  ¢oli,  type 0117:H27,  as  evaluated  by  staining with 
fast green at pH 8.1 and enumeration of viable bacteria. 
E. coli were used for this experiment under conditions which have been described above. 
Two  series of bacterial suspensions were prepared,  one at pH  5.6 and one at pH  6.8.  The 
globin  1 was used in a  final concentration of 100 #g/ml of bacterial suspension. Effects were 
compared with those of total histones used at the same concentration. Viable counts of the 
suspensions, including suitable controls, were made after the suspensions had been incubated 
2 hours at 37°C. 
1 Undenatured globin obtained from Nutritional Biochemicals, Inc., Cleveland. ,]'OttN  K.  SPITZNAGEL  1087 
In Table I it is seen that although globin appeared to have some bactericidal 
effect it was much less effective than the calf thymus histone. Globin had prac- 
tically no effects on the staining characteristics of the E.  coil  These results 
indicate that the presence of globin per se should cause little confusion in the 
examination of fast green-azure stains. The results do not assist in the evalua- 
tion of the possibility that globin interacts with bacteria in vivo but make it 
appear unlikely that the effects would be pronounced. 
TABLE  I 
Comparison of the Effects of Globin and the Effects of Total Histones on the Viability  and 
Cytochemi4;al Properties of E. coli. 
pH  Globiu 
t~glml 
5.6  0 
100 
0 
6.8  0 
100 
0 
Total 
histone 
0 
0 
100 
0 
0 
100 
Viable g. coU/ml* of 
suspension after 
treatment 
1.5  X  10  s 
3.4  X  l0  T 
<1  X  106 
1.25  X  108 
4.8  X  107 
<1  X  106 
Per cent of 
cells fast 
green-positive 
0 
6 
95 
1 
0 
98 
Per cent of 
cells 
azure-positive 
100 
94 
5 
99 
100 
2 
* A  uniform inoculum containing approximately 2  X  10  a viable E. ¢oli/ml was used for 
all cultures. 
DISCUSSION 
The  role  in  non-specific  resistance  to  infections  of  cationic polypeptides 
such as the histones has long been a subject for conjecture. It was recognized 
long ago (21,  22)  that animal tissue extracts and body fluids possessed anti- 
microbial activity in dtro under certain conditions, and it was supposed that 
the histones might be in part responsible for this in vitro activity. Subsequent 
work has confirmed and extended the in mtro findings (1, 23).  A considerable 
body of information has  been  made  available  concerning the  antimicrobial 
activities of a  variety of cationic polypeptides and  the sources from which 
they may be obtained. The chemical nature of some of them has been at least 
partially defined.  Relative  activities, range  of activity, and  the kinetics  of 
their  antibacterial  action have  been studied. 
There is still particular need for information concerning two aspects of the 
antibacterial action of the cationic polypeptides. No convincing evidence has 
been produced to show that any of these polypeptides or related substances 
either interact with or form any part of the biochemical environment of micro- 
organisms  residing  in  host  tissue.  Secondly, the  site  and  mode  of antibac- 
terial action of the cationic polypeptides is very poorly understood. 1088  ANTIBACTERIAL EFFECTS  OF  CATIONIC  POLYPEPTIDES 
If host  cationic polypeptides function as  antibacterial  agents  in  infection 
then  this  is  a  fact of unique  importance.  The importance  of the  facts  and 
their demonstration transcend the intrinsic value of these compounds as agents 
of non-specific resistance.  They provide a  potentially valuable point  of de- 
parture  for  investigation  of  inflammatory  processes,  non-specific resistance 
to infection, and the ecology of microorganisms in host tissues. They give new 
meaning to the information now available. 
In previous papers Spitznagel has described the use of cytochemical methods 
to detect the  presence of sorbed cationic polypeptides in  the  bacterial  cell. 
It was shown that these methods, particularly those employing staining  with 
fast green at pH 8.1 might be used to study the mode of anfimicrobial action 
of these polypeptides. It was  suggested that  these methods might be useful 
in  discovering whether  bacteria interact  with  host  cationic polypeptides in 
vivo. 
In the present studies it was found that the sorption of cationic polypeptides 
to the outer layers of the bacterial cell occurred with great speed. The rate for 
the bactericidal effects was of comparable rapidity. Sorption of the polypep- 
tides was not uniform between cells but certain cells sorbed more polypeptide 
more rapidly than others. This accounted at least in part for the observation 
that  the  antibacterial  activity was  inversely related  to  the  bacterial  mass 
(23). The reasons for this differential in sorption between cells was not investi- 
gated, but it may be related to the ages of the bacterial cells. 
It has been found (24)  that the affinity of bacterial cells for basic dyes is 
variable  within  a  given  bacterial  population.  These  differences apparently 
are related to the physiological condition of the cells.  For example, the age 
of the cells has been suggested as an important factor (24). It appears that 
there are similarities in the action of cationic polypeptides and cationic dyes. 
It is obviously an important phenomenon, as indicated by the practical con- 
sideration that some fraction of the cells may appear to escape the toxic action 
of the cationic polypeptides. 
Comparisons of the proportions of bacteria killed and the proportion of bac- 
teria rendered stainable with fast green showed that staining was a less sensi- 
tive indicator of toxic effects than was viability. This was possibly owing to 
lesser  sensitivity  of  the  cytochemical method.  Other  factors  must  be  con- 
sidered.  It has long been known that  the staining  of bacterial surfaces does 
not follow an "all  or nothing" pattern. In fact there is a  gradation between 
staining  with  anionic  and  cationic dyes  such  that  under  proper  conditions 
bacteria may take up  a  mixture of such  dyes  (24). We repeatedly observed 
that  a  portion of the bacteria in our studies showed intermediate shades  of 
azure and green. All bacteria were considered azure unless  they were clearly 
green so as to avoid a  favorable bias  in  the  studies.  This undoubtedly con- 
tributed to underestimation of the proportion of bacteria which had sorbed the JOHN K. $PITZNAGEL  1089 
polypeptide. The demonstration that the lysine-rich fraction of total histones 
contributed relatively more to the toxic effects and relatively less to the cyto- 
chemical  effects may also account in part  for the discrepancy  (unpublished 
observations). 
In a previous paper (4) it was shown that cytochemical methods confirmed 
the observations of others concerning  the antagonistic activity of various or- 
ganic anions against the interaction between bacterial cells and cationic poly- 
peptides.  The  present  paper  presents  additional  evidence that  these  effects 
were present  owing to  absence or reduction of polypeptide sorption by the 
bacteria  and  were not  caused  by the  anions  through  interference  with  the 
staining  procedure.  The  reduction  in  the number  of green-staining  bacteria 
was correlated with the reduced toxicity of the system. That the antagonistic 
action of organic anions toward cationic polypeptides may have significance 
with respect to events which occur during  the infectious process in the host 
has been noted with respect to lysozyme (19). Our results make it appear likely 
that  this  may be true  of the histone-like  compounds. 
A number of cytological alterations have been noted in bacteria which have 
been exposed to toxic compounds. Some of the changes are obvious on micro- 
scopic examination of the cells; others are not. More or less subtle changes are 
induced by some toxic compounds and  this is  true of cationic polypeptides. 
Cationic polypeptides are known to cause bacteria to agglutinate (reviewed in 
reference 4); however, this is a rather non-specific sort of reaction. At low hy- 
drogen ion concentrations certain polypeptides such as polymyxin behave as 
detergents disrupting bacterial cells (25). The histones, protamines, and plakins 
probably behave similarly (4, 8, 10, 12, 14). Amano (14) described the effects 
of plakin on the physicochemical properties of bacterial cells and found them 
correlated with inhibition of cellular  respiration. Tomcsik (2) showed that the 
refractive properties of bacterial surface layers are changed by treatment  of 
the cells with animal protein including  protamine. He attempted to study the 
effects of substances from inflammatory exudates on the optical properties of 
bacterial surfaces using these techniques but found them insulficienfly  specific 
to  discriminate  between  cationic  and  other  polypeptides. 
It has been shown above that the greatest amounts of antibacterial cationic 
polypeptides are sorbed into certain portions of the surface layers of bacteria 
where  they  are  strongly  bound.  Staining  of  histone-treated  bacterial  cells 
with fast green at pH 8.1 is based on the ability of highly basic cationic poly- 
peptides to form relatively insoluble complexes  with anionic dyes at high pH. 
This action is  thought  to bind the dye to negatively charged groups on the 
bacterial cells. The staining method appears to be selective for cationic poly- 
pepfides of high isoelectric  point  (3-6, 26).  The cytochemical results show a 
reasonable  correlation  with  evidence  of  cytotoxic activity. Preliminary  ob- 1090  ANTIBACTERIAL EFFECTS OF CATIONIC POLYPEPTIDES 
servations obtained by means of these techniques (3, 6) have shown that micro- 
organisms do interact with host cationic polypeptides in vivo. 
SUMMARY 
The antibacterial action of cationic polypeptides has been found to be cor- 
related with changes which they produce in the cytochemical reactions of the 
bacterial cells.  Bacterial cells ordinarily stain with cationic dyes at pH values 
above 7. Treatment with cationic polypeptides rendered them stainable with 
the anionic dye fast green at pH 8.1. This change occurred parallel to loss of 
bacterial viability. 
An anionic, b!ological substance, mucin, was found to inhibit the usual con- 
version of bacterial cells from strong basophilia  to strong acidophilia in  the 
presence of cationic polypeptide. This inhibitory action was paralleled by in- 
hibition of the  toxicity of  the  cationic  polypeptides for  the  bacterial  cells. 
It was found that the basic protein, globin, which has a lesser pK than total 
calf thymus histone, was less toxic for E. coli and less effective in causing the 
bacterial cells to become stainable with the anionic dye at high pH. 
Staining  with fast green at pH  8.1  appeared  to provide presumptive  evi- 
dence of lethal interaction between certain bacterial cells and cationic poly- 
peptides such as total histones. It is suggested that the method may prove to 
be useful in the detection of lethal interaction between cationic polypeptides 
of the host and bacteria residing in host tissues. 
The author is indebted to Mrs. Linda W. Little for her technical assistance. 
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